Introduction
============

Toxocariasis is a parasitic disease caused by infection with a group of nematodes of the *Toxocara* genus from roundworms ([@B1]). The most common parasitic agent of toxocariasis is *T. canis* (dogs' *Ascaris*). It is considered as common zoonotic worm infection ([@B2]). The *T. canis* eggs can hardly be cleaned from dogs' living and defecation place. The infectious *T. canis* eggs can be swallowed by humans, as a random host and be opened consequently in the intestine and release larvae. Then, the larvae can penetrate the intestinal wall and migrate to liver, brain, eyes, and other tissues through the blood and lymph vessels. In these organs, the larvae can remain without growth and differentiation for a long time (months) as migrant larvae that are metabolically active. The larvae can cause severe local reactions ([@B3], [@B4]).

Toxocariasis is considered as a common parasitic infection in children. The population at risk becomes infected by ingestion of embryonated eggs from soil, dirty hands, and raw vegetables or undercooked meat containing transitional hosts' larvae (transient), such as chicken, beef, and sheep. Human infection and the larvae can be transmitted to humans by eating flesh of the transient hosts as a paratenic host) ([@B5]). Inflammatory reactions in children present with fever, cough, wheezing due to pneumonia, and gastrointestinal symptoms including lethargy, lack of appetite, vomiting, abdominal pain, general weakness, malnutrition, vague hepatomegaly and splenomegaly, muscle aches, and joint pains ([@B6]).

Infections in dogs, especially in stray dogs, are an important epidemic factor in nature ([@B7]). According to reports, 76% of dogs can be infected with this parasite, for example, dogs' infections were reported as of 51% in Hamadan, Iran ([@B8]). Each female worm that resides in the intestines of the infected dogs can spread 200000 eggs in human living place and, therefore, examining dogs for spread of the infection is of great importance ([@B7], [@B9]). There is no evidence about the prevalence of this parasite in children under 14 yr in the area.

Regarding the risk factors for transmission of the parasite such as seasonal winds in Zabol and Chabahar, the presence of eggs in the atmosphere of the city is very likely. Therefore, the favorable climatic conditions in the city (the hot and humid weather), which can cause eggs lasting in the environment, demonstrates the need for epidemiological studies on the prevalence of this parasite more than ever ([@B7]).

In this study, for the first time in Sistan and Baluchestan, Iran, the seroprevalence of toxocariasis infection among children fewer than 14 yr old in rural, urban, and tribal laboratories as well as *Toxocara* infection in dogs living in Zabol and Chabahar districts were assessed.

Materials and Methods
=====================

Chabahar, formerly Bandar Beheshti is capital of Chah Bahar County, Sistan and Baluchestan Province, Iran. Chabahar is a free port (Free Trade Zone) on the coast of the Gulf of Oman. Chabahar is Iran's southernmost city. The county of Chabahar has hot, humid weather in the summer and warm weather in the winter, giving it a hot desert climate. The western winds in the winter bring about scattered rainfalls in this region, and very occasionally, winds from the Indian monsoon affect the region. In the summer monsoon, winds from the Indian subcontinent make Chabahar the coolest southern port in the summer and the warmest port of Iran in the winter. It has an average maximum temperature of 34 °C and an average minimum temperature of 21.5 °C ([@B10]).

Zabol is the capital of Zabol County, Sistan and Baluchestan Province, southeast Iran. Zabol lies on the border with Afghanistan that referred to as Sistan until the late 1920s. Weather: 28 °C, Wind NW at 42 km/h, 25% Humidity. Zabol is located near Lake Hamun and Hirmand River irrigated the region. Lake Hamun is a seasonal lake that is often dry.

The Zabel area is well-known for its "120-day wind", a highly persistent dust storm in the summer which blows from north to south ([@B11]).

This study was a descriptive-analytic study carried out with a simple random sampling among children under 14 yr referring to private, public, and tribal laboratories of Zabol and Chabahar, Iran, from 2014--2015. Demographic data was collected by laboratory personnel stationed in the laboratory and through face-to-face interview, completing checklist, and blood samples by laboratory experts. Three labs were selected in each city, considering the situation of labs, public health lab, private and hospital lab (outpatient), respectively. The sample size was calculated as of 364 children using parameters obtained based on previous studies ([@B1]). Proportional to sizes of the study districts, 124 samples were collected from Chabahar and 240 samples from Zabol.

Informed consent was taken from the participants and the study was approved by Ethics Committee of the university.

Determination of serum antibodies level against Toxocara
--------------------------------------------------------

To measure titration of IgG antibody against antigens of *Toxocara*, first 4 ml venous blood samples were collected from participants. Samples were divided into two parts: one part was used for blood cell count and another to measure IgG anti-*Toxocara* by ELISA method. The ELISA kit intended for testing the serum levels of IgG against *Toxocara* was purchased from IBL (Germany) and manufacturer's protocol was used for testing.

Assessing the prevalence of Toxocara infection in dogs of the region
--------------------------------------------------------------------

The existence of *T. canis* parasite eggs in the feces of 40 dogs of the area was investigated. Twenty dog's fecal samples were taken from Zabol and twenty samples from Chabahar. Ten samples were from villages of both Chabehar and Zabol.

Thirty cases were collected from many points of the both cities. After collecting dogs' fecal samples with full hygienic consideration, samples were prepared using sedimentation techniques by formalin-ether method. *T. canis* parasite eggs were assessed in the sedimentation by light microscopy and lenses 10 and 40 to find the infection in dogs.

Statistical analysis
--------------------

Descriptive statistics such as mean, and frequency were used and for statistical analysis, chi square test was used. All analyses were performed using SPSS19 software (Chicago, IL, USA). *P*-value less than 0.05 was considered significant.

Results
=======

Out of 364 participants, 188 patients (51.6%) were female ([Table. 1](#T1){ref-type="table"}). The mean (standard deviation) age of participants was 3.7(7.2) yr. Overall, 240 cases (65.1%) lived in Zabol and 124 (34.9%) lived in Chabahar. 24.17% of them had history of exposure to dogs. 3.8% (14/364 cases) of anti-*Toxocara* antibodies were positive. The mean (SD) age of the positive cases was 7.9 ([@B4]) yr and the mean age of negative cases were 7.2 (±3) yr. Significant correlation was found between toxocariasis antibody and demographic, clinical, or laboratory parameters ([Table 1](#T1){ref-type="table"}). Mean (SD) antibody titer was 2.2(±1.1) in the studied cases. No significant differences in mean antibody titer were observed among the three age groups: 1--5, 6--10, and over 10 yr. Significant association was seen between serological prevalence of *T. canis* and laboratory finding such as eosinophilia (*P*=0.003) and red blood cells count (*P*=0.03). The results showed a significant association between the serological prevalence of *T. canis* and demographic characteristics such as city of residence (*P*=0.003), gender (*P*=0.04), consumption of vegetables (*P*=0.01), and living place (*P*=0.04). *Toxocara* eggs were found in 11 cases (27.5%) of 40 dogs' stool. In addition, *Toxocara* eggs were found in 8 out of 30 dogs' feces (26%) living in urban areas, and 3 out of 10 dogs in rural area (30%).

###### 

Seroprevalence of *Toxocara* according to the laboratory results

  **Lab results**            **Negative serology N (%)**   **Positive serology N (%)**   ***P* value**
  ----------------- -------- ----------------------------- ----------------------------- ---------------
  Eosinophil (%)    0--5     133(100)                      0(0)                          0.003
                    \>6      217(93/9)                     14(6/1)                       
  Hemoglobin        Normal   239(96/8)                     8(3/2)                        0.4
                    Low      111(94/9)                     6(5/1)                        
  WBC count         Normal   287(96)                       12(4)                         0.7
                    High     63(96/9)                      2(3/1)                        
  RBC count         Normal   295(97)                       9(3)                          0.04
                    Low      55(91/7)                      5(8/3)                        
  Platelet          Normal   319(96/7)                     11(3/3)                       0.1
                    Low      31(91/2)                      3(8/8)                        

Discussion
==========

In this study, for the first time, human IgG antibody titer of toxocariasis or migrant visceral larva were assessed in children under 14 yr referring to laboratories of University of Medical Sciences of Chabahar, Zabol in Iran, and the villages of these two cities. 3.8% of these children have experienced *Toxocara* infections. The prevalence of toxocariasis in children under 14 yr had significant correlation with the place of residence, gender, consumption of vegetables per week, nomadic life, and laboratory characteristics, such as high eosinophils and anemia.

In this study, seroprevalence of *T. canis* was totally calculated as 3.8%, which was 1.7% in Zabol, 1.8% in Chabahar, and 3.31% among local tribes. Our results were similar to results reported from Hamedan, less than Kermanshah, Tabriz, Shiraz, and more than Zanjan in Iran ([Table 1](#T1){ref-type="table"}) ([@B1], [@B12]). The basis of the prevalence difference among different cities could be related to different climates and cultural habits of the studied populations. Moreover, the similarity of results of these two districts can be due to similarity in cultures of these two areas such as keeping dogs and food habits ([@B13]). The higher titer of *T. canis* IgG in children fewer than 14 in Chabahar compared to Zabol can also be related to different climates, cultural habits, and high humidity. The lower statistics of the current study compared to other studies conducted in other countries can be due to difference in cultural habits, method of cooking food, climates and soil condition, the plants distribution, and humidity level. In addition, the higher prevalence of *Toxocara* in the mentioned countries might be due to larger age range of these participants and stability of larvae until 10 yr in human body in older patients ([@B7], [@B13]). Although studies that are more extensive are required to assess the infection in the province, researchers have associated the reason of this difference in different areas with factors such as climate, soil, and plants distribution ([@B14]).

In the current study, the prevalence of *Toxocara* infection in males (5.9%) was significantly higher than females (1.7%) suggesting gender classification as a partial risk factor partially related to differences in type of boys' games and the specific behaviors of boys against *Toxocara* infection ([@B15]). Male gender was considered as a contributing factor ([@B15]). On the contrary, studies in Arak, Shiraz, Nigeria, and China showed higher prevalence among females ([@B7], [@B8]). The gender differences observed in different studies can be due to gender-specific behavior and type of games ([@B7], [@B8]).

In this study, although the infection was higher in the age range of 6--10 yr, age had no role in the prevalence of infection ([@B12]). However, significant dominance in the age groups of 1--10 yr was showed ([@B16], [@B17]). In this study, the mean age of positive cases was 8 yr. Seroepidemiologic studies on *Toxocara* showed that the children under 10 are at greater risk than other age groups. The higher incidence of this infection in younger children can be attributed to factors such as childish games and more contact with soil ([@B18]).

The infection rate was higher in urban areas than rural areas and the frequency of antibody was higher in rural areas (4.4%) than urban areas (1.6%) ([@B19]).The results of this study were similar to a study in Zanjan but showed less prevalence than the study in Shiraz ([@B19], [@B20]). In addition, the prevalence of infection was also assessed in the tribal region that showed a higher prevalence than urban and rural residents did. Regarding the fact, that prevalence of *Toxocara* infection was significantly higher in the tribal areas than urban and rural areas, nomads residents are at greater risk of incidence of *T. canis* infection. The cultural habits and climate conditions can affect the high prevalence of the infection, which can be effective in higher rates of infection in tribes.

Dogs, as the primary host and the main vector of *Toxocara* parasite, play an important role in the transmission of infection to humans. Everybody was in contact with dogs, although their infection frequency was not prominent, included 1/3 cases. Higher frequencies were reported of *Toxocara* infection among people exposed to dogs (9%) and (23%), although none of these differences were statistically significant ([@B18], [@B19]). Besides, no significant association was found between these two factors ([@B14]). In comparison, in Brazil, contact with dogs has been proposed as a risk factor for *Toxocara* infection ([@B21]). Generally, the transmission of infection due to contact with dogs can be due to the conditions of keeping animals, such as food, place, and defecation sanitation of animals affected the *Toxocara* infection in the current and similar studies ([@B12]).

In our study, a significant association was observed between decrease in red blood cells and *T. canis* titration might indicate a chronic disease ([@B22]). Laboratory changes, especially changes in the level of blood eosinophils, are reported as one of the most common signals of parasitic infection. The highest frequency of positive antibody among patients with high eosinophil was 5%. In positive antibodies against *T. canis*, the highest frequency was observed in 6%--10% of eosinophilia cases (1.8%), while the serological prevalence of infection among individuals with eosinophil of 1--5% and over 10% were zero and 2.3%, respectively. Significant association was found between prevalence of infection and high percentage of eosinophils. The prevalence of infection was significantly associated with high eosinophil levels, while another research did not find such an association ([@B13], [@B15], [@B23]). This association can be explained as the following: *T. canis* larvae secrete large amounts of glycosylated proteins that causes production of immunoglobulin E in blood samples of children, as prolonged exposure to the parasite shows chronic infection (increased immunoglobulin G) ([@B24]).

In our study, no association was found between infection and the level of parents' education ([@B7]), while it was significant in study reported that lower educational level and more contact with infected sources like dog and soil are the main risk factors of *Toxocara* infection ([@B25]).

The prevalence of *T. canis* in dogs was about 27%. In addition, *Toxocara* eggs were seen in 8 out of 30 urban dogs (26%) and 3 out of 10 rural dogs (30%). The higher infection of rural dogs can be related to climatic conditions and the type of animal's food in this region. *Toxocara* infection in cats and dogs in Iran has been reported in average around 26% ([@B7]). Compared to the prevalence obtained in this study, the rate of *Toxocara* infection in dogs was similar to the mean rate in the country. In another study, frequency of *T. canis* in studied dogs in Northern Iran was estimated as 60% ([@B22]) that was higher than the prevalence found in this study. Since dogs are important vectors in the transmission of *Toxocara*, checking the infection in dogs of the province is recommended. Controlling the dog population should be considered in residential areas.

Conclusion
==========

*Toxocara* infection in Sistan and Baluchestan, Iran, especially in the north (Sistan) was less than many other parts of the country, while the risks of infection among dogs are similar to other regions. Larger studies in the whole province, especially among tribes, are recommended for more accurate determining the prevalence of this infection.
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